Thiol reactivity of histone H3 in soluble and DNA-associated histone complexes: evidence for allosteric and torsional regulation.
The reactivity of chick erythrocyte and calf thymus histone H3 thiol groups toward 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) has been investigated both in the soluble, DNA-free state and in various nucleohistone complexes. We have found that the thiol reactivity of both tetramers and octamers decreases continuously as the ionic strength of the assay is increased, up to and beyond 2.0 M NaCl. Upon association of dimers with tetramers, there is loss of labeling by DTNB at one site, suggesting the existence of allosteric regulation [see also Godfrey, J. E., Eickbush, T. H., & Moudrianakis, E. N. (1980) Biochemistry 19, 1339-1346] of dimer-tetramer interfaces emanating from within the tetramer complex. Comparison of the thiol reactivities of chick and calf tetramers indicates that the thiol groups at amino acid positions 96 and 110 are not chemically equivalent. When the histones are associated with DNA, in either reconstituted complexes, core particles, or long soluble chromatin, the thiol reactivity is greatly diminished, and this "DNA effect" overwhelms any influence of dimers. However, if single-strand nicks are introduced into the DNA backbone of core particles and other chromatin-like complexes by the action of DNase I, the influence of the DNA double helix upon thiol reactivity is reduced, and the effect of dimers can be detected once again. We can therefore conclude that the DNA effect derives from intranucleosomal torsional strain of the continuum of the double helix in equilibrium with coupled protein conformational changes. These observations support the concept that the octamer complex is a dynamic tripartite structure whose properties can be modulated through its interactions with DNA and by changes occurring in the dimer-tetramer interfaces.